In this paper, the energy balance equations for the different components of hybrid photovoltaic thermal (HPVT) biogas plant have been written for quasi -steady state conditions to develop a thermal model. An analytical expression for slurry temperature has been obtained as a function of design and climatic parameters namely mass of the slurry, mass flow rate of fluid in collector, number of collectors, solar intensity, ambient temperature etc. Numerical computations have been carried out for climatic conditions of Srinagar, India. Based on mathematical computations it has been observed that the optimum slurry temperature (~ 37 o C)
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Introduction
Biogas is the gas emitted from cow dung in its anaerobic decomposition. Biogas provides fuel for cooking, thus saves the forests and also women from fetching and carrying heavy loads of fuel wood. Biogas is also used for lighting and space heating purpose in rural villages. Thus improves the quality of life. Finally, anaerobic digestion also yields bio-slurry and bio-dregs rich in nutrients, minerals and biologically active compounds. This forms the excellent organic fertilizer for crops and fodder for pig and fish. Production of biogas is maximum when slurry temperature is between 32 to 37 o C. In order to increase the slurry temperature in harsh cold climatic condition, the researchers have proposed the following techniques:
(i) Erection of canopy green house over the biogas plant [1] [2] [3] [4] [5] [6] .
(ii) Integration of solar water heater/ solar still with dome [7] [8] [9] [10] .
(iii)Hot water charging the slurry before fedding into digester [11] .
(iv) Integration of flat plate collector to digester through heat exchanger inside slurry, generally referred as active heating [12] [13] [14] [15] . In their study, either floating or fixed dome type biogas plant has been considered. On the basis of their finding, it has been concluded that active heating of slurry in digester is more effective in comparison with other heating methods [12] [13] [14] [15] . The temperature of slurry can be increased upto optimum level (~ 37 o C) by optimizing the area of flat plate collector for a given capacity of the slurry. It is further important to mention that only forced mode of operation for thermal heating is viable. Neto et al. [16] have suggested biogas/photovoltaic hybrid power system for decentralized energy supply of rural areas. Also, Dubey and Tiwari [17] have presented a hybrid photovoltaic flat plate collector (hybrid PV water collector) for forced mode to produce electrical as well as thermal energy. If such hybrid PV water is integrated to slurry through heat exchanger as shown in Figure 1a , then one can achieve the following:
(i) Increase in slurry temperature for higher yield in harsh cold climatic condition.
Hot water for domestic use. (iii) Electricity production for lighting.
In this case the proposed system can be proved to be more economical than single application in rural area in decentralised manner.
Design of hybrid photovoltaic thermal (HPVT)-biogas Plant:
There are two types of biogas plat namely floating gasholder type and fixed dome type. In this paper floating gas holder type biogas plant has been considered.
Hybrid floating type biogas plant:
Hybrid photolytic thermal (HPVT)-biogas plant has been shown in the Fig. 1 . It consists of (i) a floating type biogas plant; (ii) partially PV covered solar collectors connected in series and (iii) a coil type heat exchanger. Heat exchanger is connected with partially PV covered solar collectors connected in series and is immersed in the slurry as shown in the Fig. 1a . The hot fluid (water) at outlet of hybrid collectors is allowed to flow through heat exchanger and then transferring the heat from heat exchanger to slurry and hence the slurry gets heated. 
Problem Identification
In this paper an attempt has been made to optimize the number of partially covered collectors, size of the heat exchanger and mass flow rate of the water in the heat exchanger for a given size of the biogas plant under a given climatic condition.
Thermal Modelling
Assumptions
In order to write the energy balance equation of hybrid photovoltaic thermal biogas plant, the following assumptions have been made:
• The biogas plant is of floating dome type • Each component of the system is in quasi -steady state condition • There is no stratification along the depth of the slurry and the gas column • Thermal capacity digester and dome of the biogas plant has been neglected
Energy Balance Equations
The energy balance equations during sunshine hours have been formulated as follows.
For gas holder:
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For biogas:
For slurry: 
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Now, the rate of heat transfer from flowing fluid in the heat exchanger to the slurry can be written as
Following Dubey and Tiwari [4] , for N identical collectors partially covered by PV modules connected in series, the outlet fluid temperature at the end of N th collector can be given as,
With the help of Eqs (4) & (5) , Eq (3) can be solved for the slurry temperature
Electrical output:
The electrical output generated by proposed hybrid photovoltaic thermal biogas can be evaluated by the following expression 
Thermal output:
The rate of thermal energy available from the proposed hybrid photovoltaic thermal biogas plant can be obtained as:
The daily thermal energy is given by 1 ; n is sunshine hour.
The daily exergy is given by 273 1 273
For a set of design and climatic parameters, outlet temperature of n th collector and Slurry temperature has been calculated using MATLAB software.
Results and discussions
Hourly variation of solar intensity on the horizontal and vertical walls of the dome has been calculated by using Liu and Jordan formula with the help MATLAB software. Fig. 2 shows the variation of solar intensity and ambient air temperature with time. Fig 3 gives the variation of outlet temperature from N th collector and slurry temperature during 24 hours period of day and night. Figure shows that there is increase in slurry temperature (T s ) with time of the day as more thermal energy is available from hybrid PVT collectors. It attains maximum temperature (T smax ) of about 30 o C at 4 pm due to heat capacity of the slurry. This temperature can be further increased by decreasing the mass of the slurry. Further, it is to be noted that the outlet fluid temperature is achieved upto about 80-90 o C at noon time as expected. Fig.4 shows the variation of peak slurry temperature (T smax ) with mass flow rate. The peak slurry temperature (T smax ) increases rapidly with increase of mass flow rate of the fluid due to fast transfer of heat into the slurry. It is observed that there is not much variation in peak slurry temperature (T smax ) after mass flow rate 0.05kg/s and hence one can conclude that the optimum mass flow rate is 0.05 kg/s for design parameters given in Table 1 and climatic parameters shown in Fig. 2. Fig.5 shows the variation of peak slurry temperature (T smax ) with the mass of the slurry (M s ). This figure shows that peak slurry temperature (T smax ) decreases with increase of the mass of the slurry (M s ). It is observed that for the given design and climatic parameters , the optimum mass of the slurry is 2000kg. The variation of peak slurry temperature (T smax ) with number of PV/T collectors N is shown in Fig.6 . This figure shows that peak slurry temperature (T smax ) also increases with increase of number of collectors due to increase of thermal energy provided by PVT collectors to the slurry. It is observed that there is not much variation in peak slurry temperature (T smax ) after 50 numbers of collectors and hence the optimum number of collectors for a design and climatic parameters under consideration is about 50. 
Conclusions
On the basis of present studies, one can conclude that:
(i) The design parameter of PVT integrated biogas plant can be optimised for a given capacity by using the present thermal model.
(ii) The present system is most suitable and self sustainable for cold climatic condition where ambient air temperature is much less than the optimum operating temperature (~37 o C) of the biogas plant.
